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Moving  NarioScieiroi  to  NanoTechnology: 
Chip  ScaleiAtomlp  Clock 


Goal:  cm3 
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Precision  Time  for  Every  Radio  and  Network  Node 
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Future  Microsystems  Icons 


*  Chip  Scale  Atomic  Clock 

*  3D  Electronics  and  Imagers 

*  All  Optical  Data  Router 

*  3rd  Generation  MMICs  (WBG-RF) 

*  Analog-to-lnformation  (Compressive  Sensing) 

*  Micro  Gas  Sensors 

*  High  Power  Optical  Phased  Arrays 

*  High  Power  Electronics 

*  Personnel  Navigation  and  Guidance 

*  Adaptive  Microsystems 

*  Tactical  Laser  Weapons  and  Comms 

*  0.25  V  Logic 
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Integrated  Circuit  Power 
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Problem  Statement:  Conventional  Si  CMOS  scaling  is  hitting 
a  roadblock  in  heat  dissipation. 


CMOS  Microprocessor 

Power  Density  Progression  Microprocessor  Speed 


Year  of  Introduction 
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Integrated  Circuit  Power 


QARPA , 


Problem  Statement:  Conventional  Si  CMOS  scaling  is  hitting 
a  roadblock  in  heat  dissipation. 


Circuit  Cross-Section 


Transistor  Power  Loss: 

•  Active:  Switching  Loss  (0.5CV2f) 

•  Standby:  Leakage  Currents  (IV) 
Interconnect  Power  Loss: 

•  Wires  Resistance  (I2R) 
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Trend  in  CMOS  Active  Power 
Voltage  Scaling 
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Develop  Steep  Sub-threshold  Slope  Switch. 

Reduce  Operating  Voltage  from  IV  to  0.25V:  Reduce  Active  Power  by  25x; 

Reduce  Standby  Power  by  up  to  lOOx 
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NanoElectroMechanical  Switch: 

NEMS-tronics 


Objectives:  Eliminate  standby  power 
in  electronics  to  enable  longer  battery 
life  and  higher  performance  circuits. 


Introduce  switchable,  insulating,  “air  gap” 
between  power  and  ground 


Hybrid  NEMS/CMOS  Device 
integration 


Key  Technical  Challenges  for 

Mechanical  Switch: 

•  fast  (GHz  switching) 

•  small  (<100  nm  on  a  side) 

•  robust  (billions  of  cycles) 

Switch  Concepts 

40  nm  beam 
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Global  Interconnects 
Limit  Performance 
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Oil-Chip  Optical  Networks? 


4  Tb/s  Global  Interconnect  Capacity 
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The  high  speed  and  low  power  of  optical  global  interconnects  will 
reduce  power  dissipation  and  enable  higher  performance  circuits. 
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Removing  Thermal  Limitations 
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Exploiting  Photonics  Technology  0iiii 
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Semiconductor  Lasers 
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Future  Laser! Directions 


•  Efficient  Green  Lasers 

•  High  lifetime  and  high  efficiency 

•  Narrow  linewidth,  high  power  fiber  lasers 
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•  Day/Night  Imagers 

•  Mega  Pixal  IR-FPAs 

•  Curved  Focal  Plane  Arrays 
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The  First  1C 
(Fairchild) 


Opening  MEMS  Frontiers 
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weight,  and  power  ...  not  fully  exploiting 
modern  information  technology 
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Complex  Systems  Architectures 
(more  thamjust  the  components) 


Complicated:  Many 
pieces,  but  the  whole  can 
be  reassembled  from  its 
parts.  A  key  flaw  brings 
the  entire  system  to  a  halt. 


■  Complex:  Overall  performance  can  not 
be  represented  via  reduction  to  “sum  of 
i  the  part”.  Complex  systems  are 
[  adaptive,  self-organizing,  and  emergent. 


Challenge:  How  do  we  know  when  a  Microsystem  is  optimum? 
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Increasing  Capability 


Path  towards 

Intelligent  Microsystems 


*  Intelligent:  High  level  of  autonomy  with  the 
ability  to  reason  and  learn  with  time 


*  Adaptive:  Some  degree  of  autonomy  to  self 
optimize,  test,  or  monitor.  Able  to  change  mode 
of  operation. 

*  Reconfigurable:  Predefined,  deterministic  set  of 
operating  parameters  that  can  be  selected 
externally. 


*  Static:  Fabricated  to  design  specifications  with 
fixed  performance. 

Current  Systems 
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Information  Technology: 
Corirolex  Networks 


Integrated  Microsystems  are  the  Networks  Foundation 
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Science  &  Technology  $  (FY07) 
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Seeding  Innovation: 

MTQ6.1  “Centers”: 

Focused  Center  Research  (Microelectronics) 
Opto/Photonics  Centers 
MEMS  S&T  Centers 
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Sensing 

•  Single  photon  detection  over  SW/MW/LW  IR 

•  Room  temperature  broadband  sensing 

•  Chip-scale  hyper-spectral  sensing 

•  Sub-wavelength-size  pixel  focal  planes 

•  Ideal  Array 

•  Efficiency 

Processing 

•  Heat  dissipation 

•  Latency 

•  Complexity  in  circuit  design 

•  Theoretical  limit  analog  to  digital  converters 


Actuation 

•  Chip  scale  avionics 

•  Universal  MEMS  packaging 

•  Ultra-stable,  lower  power  timing  devices 

•  Robust,  Efficient  Actuation 

•  Micro-scale  gas  and  liquid  analyzer 

Energize 

•  Laser  diode  bar  lifetime  and  reliability 

•  Diffraction-limited,  coherent  high-power  diode 
laser  arrays 

•  Smart  power  management 

•  Long  endurance  micro-power  generation 

•  Efficiency,  efficiency,  efficiency 


Communication 

•  Spectral  efficiency 

•  Reduced  latency 

•  “internet  over  RF” 

•  mm-wave  communications 

•  Coherent  optical  communications 
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DARPA  New  Initiative  Process 
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What  Has  Changed  at  DARPA? 


•  First,  what  has  not  changed: 

-  DARPA’s  term  appointment  policy  requires  a  continuous 
search  for  new  PM’s. 

-  There  are  many  who  would  like  to  be  DARPA  program 
managers  but  few  who  have  the  skills  to  succeed. 

•  What  has  changed: 

•  DARPA’s  budget  has  grown  by  $1  Billion  over  last  6  years. 

•  DARPA  now  manages  its  programs  with  event  driven 
milestones  (Go/NoGo  metrics). 

•  The  number  of  programs  at  DARPA  has  increased  significantly 
(50%  in  MTO). 

•  Above  requires  highly  talented  technical  and  entrepreneurial 
program  managers. 
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What  Makes  a  DARPA  PM 


•  Idea  Generator 

•  Technical  Expert 

•  Entrepreneur 

•  Passion  to  Drive  Leading  Edge  Technology 

•  National  Service 


DARPA  Hires  Program  Managers  for  their  Program  Ideas 
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•  DARPA  Always  Interested  in  Ideas 

•  Solicitations:  www.darpa.mil 

•  Talk  to  DARPA  Program  Managers 

•  Become  a  DARPA  Program  Manager 

•  Upcoming  Events 

•  25th  DARPA  Systems  &  Technology 
Symposium  (DARPATech  2007) 
August  7-9  2007,  Anaheim,  California 

•  Urban  Challenge,  November  3,  2007 

•  50th  Anniversary  Conference  /  Dinner 

•  April  10,2008.  Washington,  D.C. 
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